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Oco0eHHOCTH YIIPpaBJIEHHSI PUCKAMH HA NPEeANPUATUIX HePTeXuMUU

" HedTenepepadoTKH

B pabome npeocmaenen ananuz ¢haxmopos pucka Ha npeOnpusmusx Hegpmexumuu u Hegpmenepepabomru 8 YeioM.
Ha npumepe negpmexumuuecroti komnanuu OOO «I aznpom negpmexum Canasamy npedcmasnena 610Kk-cxema
npoyecca ynpasienus puckamu, Komopas no360Jisen onpeoeiums 603MONCHbIE CIMpPAme2ull U peKOMeHOAYUY no ux
yMeHbuenuto. Buinonnen pacuem nokazameneil sgpgpexmusHocmu pazpabomxu u Heopenus HOBOU MEXHOL02UU

6 mpex sapuanmax Ha npumepe obumymrnozo npouzsoocmea ¢ OO0 «l aznpom nepmexum Canasamy. Memoodom
aHanU3a Yy8CMBUMenbHOCU NPpogedeH paciuem nokazamens NPV npu uzmenenuu 0CHOBHbIX hakmopog pucka —
KAnumanbHuIX 3ampam, yeHvl, cebecmoumocmu i 06vema npouzsoocmea. Iloxazano, umo 6ce sapuanmul mexHoI02Ull
OYeHb YYBCMBEUMENbHBL K USMEHEHUIO YEeHbl HA Peanu3yemyio npoOYKYuIo u ee cebecmoumocmu u 00CmamoyHo
yemouuussl K paxmopam 06vema npouzeo0cmea u yposHio uneecmuyuil. Ilpediodxcena memoouxa pacuema
nokazamernetl 3P HeKmusHOCmy 6HeOPEHUsL U OYEHKU PUCKOE HOBBIX MEXHOL02ULL HA NPEONPUSIINUSIX
Heghmenepepabomxu u Hepmexumuy, KOMoOpast NO36OIUM YUUMbIEANb 0COOEHHOCIU YNPAGLEHUSL PUCKAMU

npu MHO208APUAHMHOM CYEHAPUU OCYUWeCMEIeHUs MEeXHUYECKUX NPOEKMO8.

KioueBble ci10Ba: ynpaBieHUE PUCKaMH, pacdeT MokasaTenei 3 peKTUBHOCTH,

CHeHapHBIﬁ aHaJIn3, OCHKA PUCKOB, METO aHaJIN3a YyBCTBUTCIIbHOCTH.

N. N. Luneva, N. G. Evdokimova.

Ufa State Petroleum Technical University, Branch of the University in the City of Salavat

Features of Risk Management at Petrochemical Enterprises and Oil Refining

The paper presents an analysis of risk factors at petrochemical and oil refining enterprises in general. Using the
example of the petrochemical company Gazprom Neftekhim Salavat LLC, a flowchart of the risk management process
is presented, which allows you to determine possible strategies and recommendations for reducing them. The
calculation of the efficiency indicators of the development and implementation of the new technology in three variants
is carried out on the example of bitumen production in Gazprom Neftekhim Salavat LLC. The sensitivity analysis
method is used to calculate the NPV indicator for changes in the main risk factors — capital costs, price, cost of
production and volume of production. It is shown that all variants of technologies are very sensitive to changes in the
price of products sold and their cost and are quite resistant to factors of production volume and the level of
investment. A method for calculating the efficiency indicators of the introduction and risk assessment of new
technologies at oil refining and petrochemical enterprises is proposed, which will allow taking

into account the peculiarities of risk management in a multi-variant scenario of technical projects.

Key words: risk management, calculation of performance indicators, scenario analysis, risk assessment, sensitivity

analysis method.
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IoBpIIeHHE IKCIITYATAIIMOHHON 0€30MACHOCTH TEXHOJOTHYeCKHX TPYOONPOBO/I0B YCTAHOBOK

10 nepepadoTKe yrjieBOJ0POIHOIO CHIPb

Paccmompeno cospemennoe cocmosnue obecneuenust IKCHIYAMAYUOHHOU OE30NACHOCIU TNEXHOI02UYeCKUX
mpyobonposo0os YCMAano80K HO nepepadomre y2ne6000pOOH020 Chlpbsl, RPUHUHBL UX OTNKA308, KOMOPble MO2YM
CONPOBONCOAMBC 83PIBAMU U NOHCAPAMU, 0OPA308aHUEM CMecell, OKA3bIBAIOWUX MOKCUYECKoe 8030elicmaue Ha
moodel u okpysicarowyio cpedy. Ilokazana nedocmamounas 3hekmueHoCms RPUMEHAEMbIX NPU NPOGEOCHUU
aKcnepmu3sbl 6€30NaACHOCMU OAHHBIX 00BEKMO08 MEMOO08 U CPEOCME OYEeHKU UX MEeXHUUEeCKO20 COCMOAHUS,
OPUEHMUPOBAHHBIX HA bIAGLEHUE YIiCe PA3BUMBIX 0eDEeKMO08, HeOOXOOUMOCTb BbIABLEHUS 3APOACOAIOUSUXCSL
deghexmos cmpyKmypbl Memaiia Ha (hoHe HANPACEHHO-0ehopmMuposantoz2o cocmosanus. Ilpednoscerno npu oyenke
MEeXHUYeCK020 COCTMOAHUA U pecypca MexXHOI02UYeCKUX mpybonpo8ooos UCHOIb308amMb Nepedamoynyio QYHKYU —
OUHAMUYECKYI0 MAMEMAMUYECKYI0 MOOelb 00bEeKMa KOHMPOJisl, OMPANXCAIOUYIO €20 IKCHIYAMAYUOHHbIE CEOUCMEA.
Oxcnmyamayuontsle ceoticmea mpyoonpo8ooa 8ulpax3caomcs uepes Mexanudeckue, akycmuyeckue, MazHumubie u
eKmpuiecKue ceoluCme Mamepuand, KOmopbvle U3MeHAIOMC A NPU USMEHEHUU HANPANCEHHO-0ehOPMUPOBAHHOZO
cocmosiHus mpyobonpogood, 3apoicoeHuu U pazgumuu nogpexcoerutl. Taxum obpaszom, nepedamounas yHKyus.
N0360Ji51em OYEeHUBAMb MeKyUjee MeXHUYECKoe COCMosHue mpybonposooa.

KioueBble ci10Ba: SKCIepTH3a MPOMBILIIICHHON 0€30acHOCTH, HaNPsDKEHHO-AeOPMUPOBAHHOE COCTOSIHUE,

MTOBPEXIEHHOCTD, TIepeaTouHast (yHKIHS, HHTETPaJIbHBIN mapamMeTp 0e30macHOCTH.

M. G. Bashirov, E. M. Bashirova, I. G. Yusupova.

Ufa State Petroleum Technical University, Branch of the University in the City of Salavat

Improving the Operational Safety of Process Pipelines

for Hydrocarbon Processing Units

The current state of ensuring the operational safety of technological pipelines of plants for the processing of
hydrocarbon raw materials, the reasons for their failures, which can be accompanied by explosions and fires, the
formation of mixtures that have a toxic effect on people and the environment. Insufficient efficiency of the methods and
means for assessing their technical state, which are aimed at identifying already developed defects, the need to
identify incipient defects in the metal structure against the background of a stress-strain state, are shown. It is
proposed to use the transfer function, a dynamic mathematical model of the controlled object, reflecting its
operational properties, when assessing the technical condition and resource of technological pipelines. The
operational properties of the pipeline are expressed through the mechanical, acoustic, magnetic and electrical
properties of the material, which change with a change in the stress-strain state of the pipeline, the initiation and
development of damage. Thus, the transfer function makes it possible to assess the current technical condition of the
pipeline.

Key words: industrial safety expertise, stress-strain state, damage, transfer function, integral safety parameter.
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Pa3padoTka TEXHOJOTHYECKHX CXEM

M0 YBeJIUYEHUI) 0TOOPAa BAKYYMHOT'0 Ta30iiis

Ananuz pabomul 6axyymHuix KonouH yemanogok OJI0Y ABT nokaszan, umo 6 pade cuyuaes nonyeyopon cooepicum 0o
30 % eaxyymnozco eazouins ¢ memnepamypou evikunarus 00 560°C. Boinoinen cpagHumenbHulil aHAIu3 mpex
8apUANMO8 YeryOaeHUss OMOOPa MANCEN020 BAKYYMHO20 23011 npu pekmuguxayuu mazyma. Paccmompena
MPAOUYUOHHAS CXeMA CO CHUdICEHUEM 0aslenust Ha 6epXy 6AKYYMHOU KOAOHHbI, peKmu@ukayus nomyeyopoua oes e2o
Hazpesa nocjie OCHOBHOU 8aKYYMHOU KOJIOHHbI 8 OONOIHUMENbHOU 8AKYYMHOU KOJIOHHE U peKMUpuUKayus masyma no
08YXKOIOHHOU cxeMe, be3 Hazpesa Ma3yma 6 Nepeoti KOJLOHHe ¢ OMOOPOM MOIbKO 1e2K020 230Ul U C HAZPeBOM
nOJY2yOPOHA NEPBOLL KOIOHHBL C NOCACOYIouell peKmupurayuell e2o 60 6Mopoil KOIOHHE, ¢ OMOOPOM MANCENL020
saxkyymnoeo eazotinis. Ilposeden ananusz pabomoi 6aKyyMHOU KOJOHHbL YCIMAHOBKU 8aKyyMHOU pekmugpurxayuu IJ10Y
ABT-6. Boinonneno mooenuposanue npoyecca 6 cpede npocpammuozo npooykma Aspen HYSYS, meopemuuecku
00KA3aHA 803MONACHOCIb YBEIUUeHUS 0MOOPpA MAHXCEN020 8AKYYMHO20 2a301Is 8 npoyecce 21y00K08AKYYMHOU
pexkmugurayuu 2yopona. Paccmompensvt docmouncmea u HeOoCmamxu 08yXKOJIOHHOU 8AKYYMHOU peKmupurayuu
mazyma. Ilpeonooiceno koncmpykmugnoe oghopmieHue peKkmuQuKayuoHHOU KOIOHHbL U YCMPOUCMBA 8800d ChIPHSL.
KiroueBble ¢j10Ba: TSOKEIIBIH BAaKyyMHBIN T'a30MI1b, TITyOWHA TIEpepadO0TKU, TOTYTYIPOH,

BaKyyMHas KOJIOHHA, HacaJika, MOOCINPOBaHUC.

M. V. Klykov, T. V. Alushkina.

Ufa State Petroleum Technical University, Branch of the University in the City of Salavat

Development of Technological Schemes

for Increasing the Selection of Vacuum Gas Oil

The analysis of the operation of the vacuum columns of the ELOU AVT units showed that in a number of cases the
half-gas contains up to 30% of vacuum gas oil with a boiling point of up to 560 ° C. A comparative analysis of three
options for deepening the selection of heavy vacuum gas oil during the distillation of fuel oil has been carried out. A
traditional scheme with a pressure reduction at the top of the vacuum column, the rectification of a half-sludge
without heating it after the main vacuum column in an additional its subsequent rectification in the second column,
with the selection of heavy vacuum gas oil. The analysis of the operation of the vacuum column of the vacuum
rectification unit ELOU AVT-6 was carried out. The process was simulated in the environment of the software product
Aspen HYSYS, the possibility of increasing the selection of heavy vacuum gas oil in the process

of deep vacuum rectification of tar was theoretically proved. The advantages and disadvantages of two-column
vacuum distillation of fuel oil are considered. Structural design of the rectification column and raw material input
device is proposed.

Key words: heavy vacuum gas oil, processing depth, flux-oil, vacuum column, pressure, nozzle, modeling.

P. I'. Xacanos, T. B. Anywikuna, M. B. Knvixos
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KaranuTuuecknii nUpoJM3 BAKYYMHOI'0 ra3oijis

IIposedenvt uccied06anus no MepMu4ecKomy U Kamaniumuieckomy RUpOIU3y 6aKyyMHO20 2A301L1A 8 peaKxmope
npomoyHo2o muna. Bvlsignenvl 0CHOGHbIE 3aKOHOMEPHOCHIU NO 8bIXO0Y Yele6blX NPOOYKMOE npoyecca — dMmuiend,
nponunena u Oymunernog. Onucano enusAHUe KAMAIU3AMOPA HA USMEHEHUe YCI08ULl KAMATUMU4ecKo20 NUpoIu3a
no CpagHeHuIo ¢ mepmuyeckum nupoausom. Ilpeonodcena mamemamuueckas mooens npoyecca.

KioueBblie cj10Ba: MTUPOIHN3, KATAIN3ATOP, OJe(QHUHBI, STUIICH, IPOIUJICH, BAKYYMHBIN Ta301JIb, MaTeMaTHIeCKast

MOJEIIb.

R. G. Khasanov, T. V. Alushkina, M. V. Klykov.

Ufa State Petroleum Technical University, Branch of the University in the City of Salavat

Catalytic Pyrolysis of Vacuum Gas Oi

Studies of thermal and catalytic pyrolysis of vacuum gas oil in a flow-type reactor have been carried out. The main
regularities in the yield of the target products of the process — ethylene, propylene and butylenes — are revealed. The
influence of the catalyst on the change in the conditions of catalytic pyrolysis in comparison with thermal pyrolysis is
described. A mathematical model of the process is proposed.

Key words: pyrolysis, olefins, ethylene, propylene, catalyst, vacuum gas oil, mathematical model.

P. I'. Xacanoe, H. M. 3axapoe, P. P. I a3ues

Ounman Y GUMCKOT0 ToCy1apcTBEHHOTO He(DTSIHOTO TEXHUYECKOro yHUBepcuTeTa B . CanaBare
ugntu.khas@yandex.ru

HexoTopbie 3aK0HOMEPHOCTH TEPMOKOHTAKTHOTO MUPOJIN3a MPONAHA

Jlna conocmagnenust pagHoBecHviX b1X0008 NPOJYKMO8 NUPOIU3A U PEATbHbIX KUHEMUYeCKUX OAHHBIX NPOGeOeHbl
uccnedo8anus N0 MePMOKOHMAKIMHOMY NUPOAU3Y NPOnaua. /s onpedenetius pagHOBECHbIX GbIX0008 NPOOYKIOG
RUPOIU3A UCNONBIOBANCA MEMOO MUHUMUSAYUU IHEPSUL CUCTEMDbL, NPEUMYUYECBOM KOTNOPO20 ABNAEMC S
HeobX00UMOCMb 3HAHUSL MOJILKO HAUAIbHO20 U KOHEYHO20 COCMABA KOMNOHEHMO8 PeakyuoHHoU cucmemul. Ilokazana
B03MONCHOCTb NPOSHOZUPOBAHUS BbIXO008 NPOOYKMOE NUPOAUZA NPONAHA C HOMOWBIO PACUEMHBIX PABHOBECHBIX
MepMOOUHAMUYECKUX 8bIX0008. [lokazano, umo mouHoCmb pacuémHbiX OAHHbLIX 3a8UCUM OM 3A0d8aeMblX 8 Hauale
pacuéma obpasyouuUxcs 6 Xxooe NUPoIU3ad KOMNOHEHMO8 NUPO2a3a. YcmanoseieHo, 4mo pedibhble KOHYeHmpayuu
NPOOYKIMO8 NUPOIU3A 8 NUPO2A3e MO2YM OblMb KAK 8blule, MAK U HUNCe PACYEMHBIX PABHOBECHBIX KOHYEHMPAYU,
umo 6yoem c8udemenbCmeo8amy MOIbKO 0 OOCIUNCEHUU WU He OOCIMUNCEHUU PABHOBECHO20 COCTNOSIHUS CUCHEMbl
8 X00e npoyecca. JlanHolil CNOCOO MOIICHO NPUMEHAMb OIS NUPOIUZA OPYIUX YeNe8000PO008 C Yebio
npeodsapumenbHoOU OYeHKU MAKCUMATbHO B03MONCHLIX 8bIX0008 NPOOYKMOE 8 X00e npoyecca.

KiroueBble cioBa: MMUPOJIA3, IpOIaH, STUWICH, MPOIMMUIICH, KUHETHKA, TCPMOJUHAMUKA, IPOTHO3UPOBAHNUEC BBIXOJOB.

R. G. Khasanov, N. M. Zakharov, R. R. Gaziev.
Ufa State Petroleum Technical University, Branch of the University in the City of Salavat

Some Regularities of Thermocontact Pyrolysis of Propane



To compare the equilibrium yields of pyrolysis products and real kinetic data, studies on the thermal contact pyrolysis
of propane were carried out. To determine the equilibrium yields of pyrolysis products, the method of minimizing the
energy of the system was used, the advantage of which is the need to know only the initial and final composition of the
components of the reaction system. The possibility of predicting the yields of propane pyrolysis products using
calculated equilibrium thermodynamic yields is shown. It is shown that the accuracy of the calculated data depends
on the pyrogas components formed during pyrolysis specified at the beginning of the calculation. It is established that
the actual concentrations of pyrolysis products in the pyrogas can be both higher and lower than the calculated
equilibrium concentrations, which will only indicate that the equilibrium state of the system is reached or not reached
during the process. This method can be used for pyrolysis of other hydrocarbons for the purpose of preliminary
assessment of the maximum possible yields of products during the process.

Key words: pyrolysis, propane, ethylene, propylene, kinetics, thermodynamics, yield prediction.

Il1. B. Kyzamos, b. C. ZKupnoes, A. E. Epemenxo
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HccnenoBanne 3aBHCMMOCTH TeMIIEPATYPhI pa3MATYeHHUsI OT coep:KaHus Me30(ha3bl

B He(TAHBIX NEKAaX, NOJYYEHHbIX U3 THKeJI0i NMPOTU3HOH CMOJIbI M JeKAHTOMJIS

THonyuenvl 06pasyvl HehMAHBIX NEKOG U3 MANCENOU NUPOIUSHOU CMObL U OEKAHMOUWIA (MAAHCEN020 2A301UL1A
Kamanumu4ecko2o KpeKunaa) nymem mepmMonoaIuKOHOeHCayuu npu ammocgeprom oasnenuu, memnepamype 380—400
u 410-440°C (011 cmonvl u OeKaHMOUWIA COOMBEMCMBEHHO) U NPOOOIHCUMENLHOCTIU UZ0MEPMULECKOU BbIOEPIUCKU
30—480 mun. Ananuz 3a6UCUMOCHU MEMNEPAMYPbL PA3MASYEHUSL OM COOEPACAHUSL ME30¢DaA3bl

0J15 HONYUEHHBIX 00PA3Y08 NOKA3AT, YMO NPU OOUHAKOBOM COOEPIAHCAHUU Me30(pa3bl NeKU U3 OeKAHMOUIA NPOABIAIOM
bosiee HUZKYI0 MEeMNepamypy pasmacyeHus no CPAGHEHUIO ¢ NEKAMU U3 NUPOTUSHOU CMObL, 0151 KOMOPBIX Yoice npu
30% mezogazvr memnepamypa pazmseuenus npubausxcaemcesi k 300°C. Dmo 206opum 0 He803MOICHOCMU NOTYHEeHUs
NeK08 U3 CMOJIbL NUPOAU3A C BLICOKUM COOepIICcanuem me3ohaszvl 6e3 npedsapumenbHol HOO20MOGKU.

C Opyeoii cmopoHbl, NOKA3aHO, YMo 0Jis1 NeK08 U3 OeKAHMOUIsL B03MOICHO 8bloeneHUe Me30¢ha3bl enioms 00 65%

u bonee c memnepamypoii pazmsaeuerus He sviue 250°C.

KaroueBsble ciioBa: He(TAHOM ek, Me30(]a3HbIH ITeK, TeMIepaTypa pa3MardeHus,

Me30(ba3a, TsKEJIad CMOJIa IMPOoOJin3a, ﬂCKaHTOﬁHB.

P. V. Kugatov, B. S. Zhirnov, A. E. Eremenko.

Ufa State Petroleum Technical University, Branch of the University in the City of Salavat

Study of Dependence of Softening Point on Mesophase Content

of Petroleum Pitches from Heavy Pyrolysis Resin and Decantoil

Samples of petroleum pitches were obtained from heavy pyrolysis resin and decantoil (heavy gas-oil of catalytic
cracking) by thermal polycondensation at atmospheric pressure, temperatures of 380—400 and 410-440°C (for resin
and decantoil, respectively) and isothermal holding time of 30480 min. Analysis of the dependence of the softening
point on the mesophase content for the obtained samples showed that at the same mesophase content, decantoil

pitches exhibit a lower softening point compared to pyrolysis resin pitches, for which, even at 30 % mesophase, the



softening point approaches 300°C. This suggests that it is impossible to obtain pitch from pyrolysis resin with a high
mesophase content without preliminary preparation (for example, by hydrogenation). On the other hand, it has been
shown that for pitches from decantoil, it is possible to isolate the mesophase up to 65% or more with a softening point
not higher than 250°C.

Key words: petroleum pitch, mesophase pitch, softening point, mesophase, heavy pyrolysis resin, decantoil.
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HccnenoBanue KHHETHYECKUX 3aKOHOMEPHOCTEl B3auMo/ielicTBHSI HE(PTAHOT0 KoKca

¢ pochoruncom a0 cyabPpuga kaabuus

B oannoii pabome onucanvl pezyniomamol ucciedoganus peaxyuu ve@pmsano2o kokca u gpocgpoeunca (CaSQOy)

U MemooOuKa, UCNONb308AHHAA 0151 9M020. B Xx00e evinonnenus pabomel ObLIU NOO2OMOGIEHbL CMEXUOMempuiecKue
cmecu Hegpmsano2o Kokca u gpocgocunca. Hegpmsanoii koxc npedsapumenbHo u3Menb4ancs, npoceusanuem abloesanach
Heobxooumas pparxyus (0,25-0,315 mm) u npocywusanace npu memnepamype 110°C. Obpaszey gpocghoeunca maxoice
UBMENLYANCS, NPOCEUBAHUEM 8bI0EANACH AHANOSUYHAS PPAKYUsL U NOOBEP2ALACH NPEOBAPUMENbHOU MEPMULECKOU
obpabomre npu memnepamypax om 100 0o 200°C 0o nocmosaunou maccol. llpucomosienuvie Hagecku cmeceti
noogepaaniu mepmuyeckomy ozoeticmsuio 8 ouanazore memnepamyp om 900 oo 1000°C, xapaxmepHuix

07151 NPOMeEKAHUL OOHOU U3 CMAdUll 83aumooelcmaus hocghozunca ¢ KoOKcamu, a UMEHHO e20 pasiodiceHue 00
Cynbuoa Kanbyus u yeneKucio2o 2asa. /s pasnuuHsblx memnepamyp peacuposanusi Noay4eHsl 3a6UCUMOCU
CKOPOCMU U CeneHU NPespaueHusi UCXOOHbIX MAmepuanos om pemenu. B pesynomame obpabomxku
COOMEEMCMEYIOWUX 3ABUCUMOCTHEU ONPeOeNeHbl KOHCMAHMbL CKOPOCMU PeaKyull, pACCYUmMaHna dHepaus akmueayuu
npoyecca.

KiueBble ciioBa: HeQTIHOM KOKC, KOKCOBAs MEIIOYb, YTHIM3AIUS OTXO/0B,

TOMMOXUMUYCCKUC pCaKIHH, q)OC(l)OFI/IHC, OEMCHT.

A. V. Suslikov, B. S. Zhirnov, F. R. Murtazin.

Ufa State Petroleum Technical University, Branch of the University in the City of Salavat

Investigation of the Kinetic Regularities of the Interaction of Petroleum Coke

with Phosphogypsum to Calcium Sulfide

This study describes the research results of petroleum coke (carbon) and phosphogypsum reaction and the methods
used for the above. Stoichiometric petroleum coke and phosphogypsum mixtures were prepared for the study. The
coke was cut and screened with particle size distribution of 0.25-0.315 mm and dried at 110 °C temperature. The
phosphogypsum sample was also cut and screened with the same particle size and was pre-heated within the 100-200
°C range up to permanent mass. The weighed samples were heated within 900 till 1000 °C, the range being typical to
one of reaction stages between coke and phosphogypsum, i.e. the decomposition reaction with the products of calcium
sulfide and carbon dioxide. The extend and rate of samples conversion and their time correlations were obtained for
the number of reaction temperatures. Reaction rate constant and activating energy were calculated based on this

correlations results.



Key words: petroleum coke, coke fines, waste disposal, topochemical reactions, phosphogypsum, cement.
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Coun cyJb(paTUPOBAHHBIX AMH/I0B 0JIEHHOBOI KHCJIOTHI KAK HHTHOUTOPBI

KHCJIOTHOI KOPpPO3uHU

Jlannas paboma saenaemcs npooo#CeHUeM 8 Cepul UCCIe008aHUL NOLYYEHUA UHSUOUMOPO8 KUCIOMHOU KOPPO3UU HA
ocHose KapboHogvlx Kuciom. Paspabomana memoouxa cunmesa uneubumopos KUCI0MHOU KOPPO3UU HA OCHOBE
amuoos8 o1euHo8oU KUciomol. /[l nogvlueHUs ee UH2UOUPYIOWUX C8OLICME NPOBEOeHbl HECKOILKO CUHME308.

Ha nepesoti cmaouu k oneunooii kuciome 0viiu 000a61eHbl AMUHOCRUPMbBL, 0Alee NOJYUeHHble COCOUHEHUS ObLIU
cynbuposansl ceproti KUciomou. /s pacuupenus nois pasiuyHsix UHeUOUMOpo8, NPoBedeHbl peakyuu

¢ ocHosanuAMU. B pe3ynbomame nonyuenvl conu cynb@amupo8aHusbix AMUOO08 OLEUHOBOU KUCIOMbL CUHINE3UPOBAHHOU
C AMUHOCRUPMAMU, CEPHOU KUCTIOMbL U B0OHBIX PACMEOPO8 OCHOBAHUU. [{151 ycmaHosneHus 3¢ pexmusHocmu
NOJYYEHHbIX COeOUHEHUL NPOB8edeHd OYEHKA 3aUWUMHOU CHOCOOHOCIU 8 pa30a6iIeHHOU COIAHOU KUCIOme.
Ycemanoeaneno, umo nexomopule nonyuenuvie 8euecmea NPoasiaon COOMEEMCmMEYIouue C8OUCMBEA UHUOUMOPOS,
npu 5mom Haubdoaee 3hHeKxmusHbIM AGIAEMC L AMMOHULHAS COb CYAbOAMUPOBAHHO20 OUIMAHONAMUOA

OJIeUHOBOLL KUCTOMbI.

KiroueBble cj1oBa: OJICMHOBAS KHUCJIOTAa, I/IHI‘I/I6I/ITOpLI KOppoO3uHr, aMruJibl, aMUHOCIIUPTHI, KUCJIOTHAd KOPPO3u-.

E. K. Aminova, V. V. Fomina.

Ufa State Petroleum Technical University, Branch of the University in the City of Salavat

Salts of Sulfated Oleic Acid Amides as Acid Corrosion Inhibitors

This work is a continuation in a series of studies on the preparation of acid corrosion inhibitors based on carboxylic
acids. A method of synthesis of acid corrosion inhibitors based on oleic acid amides has been developed. Several
syntheses have been carried out to increase its inhibitory properties. The substances were obtained in several stages.
At the first stage, amino alcohols were added to the OA, then the resulting compounds were sulfonated with sulfuric
acid. To expand the field of various inhibitors, reactions with bases are produced. As a result, salts of sulfated amides
of oleic acid synthesized with amino nitrates, sulfuric acid and aqueous solutions of bases were formed. To establish
the effectiveness of the compounds obtained, the protective ability in dilute hydrochloric acid was evaluated. It is
established that some of the obtained substances exhibit the corresponding properties of inhibitors.

In this case, the most effective is the ammonium salt of sulfated diethanolamide oleic acid.

Key words: oleic acid, corrosion inhibitors, amides, amino alcohols, acid corrosion.
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OnpenesieHne NPOYHOCTHBIX XaPAKTePUCTUK ONTYMOMHHEPATbHBIX cMecei



B pabome npeocmasnenuvl pezyromamul no pazpabomxe u anpobayuu 1ab60pamopHol MemoouKu OnpeoeieHus
NPOYHOCHHBIX XAPAKMEPUCTIUK OUMYMOMUHEPATbHbIX cMecell Ha npounomepe Jlunmen [TIK-21-01. Bvibpansl yciosus
npogedeHUs UCHLIMAHUSL OUMYMOMUHEPATbHBIX cMecell Ha npouHocms. Tlokasana 3a8ucumocms mesxHcoy
nokazamenem aoze3uu Gumyma u npedeiom NPOYHOCMU NPU Coxcamui 00pa3y08 GUMYMOMUHEPATLHBIX cMecell Ha e20
ocHo8e, OnpedeieHHOM No pa3pabomAaHHOU MemoouKe. YcmanogieHo CHuMiCeHue NPOYHOCMHBIX U A02e3UOHHBIX
ce80licma ssdcyueco ¢ ygenuuenuem cooepaicanus noaumepa mapku JJCT-30-01 ¢ bumyme. Ilpeonosiceno na ocnoge
CMAaHOapMU3UPOBANHBIX MEMOO08 UCHBIMAHUSL OUMYMO8 U PA3PAOOMAHHON MeMOOUKY ONpedeneHust NPOYHOCHHbIX
Xapaxmepucmux OUmyMOMUHepaIbHblX cMecell OYeHUBAMb 803MONCHOCTb BLINOIHEHUS UCCAEO08ANULL

07151 pazpabomxu HO8bIX U008 OUMYMHOU NPOOYKYUU, PA3PAOAMBIEAMb PAZIUYHbIE MEXHOI02UU NPOU3E00CMEA

U no0bupams ONMUMAbHBIE NAPAMEMPbL €20 NOYYEHUSL.

KiroueBnle ciioBa: OuTyM, ONTyMOMUHEpaIbHASI CMECh, CHIIA Pa3pyIIEeHUs, IIpeIeN IPOIHOCTH,

aare3us, MoJIuMepCcoaeprKalnux 6I/ITYM.

N. G. Evdokimova, N. A. Egorova, N. N. Luneva.

Ufa State Petroleum Technical University, Branch of the University in the City of Salavat

Determination of the Strength Characteristics

of Bituminous-Mineral Mixtures

The paper presents the results of the development and testing of a laboratory method for determining the strength
characteristics of bitumen-mineral mixtures on the Lintel PK-21-01 strength meter. The conditions for testing the
strength of bitumen-mineral mixtures are selected. The dependence between the bitumen adhesion index and the
compressive strength of samples of bitumen-mineral mixtures based on it, determined according to the developed
method, is shown. A decrease in the strength and adhesive properties of the binder was found with an increase in the
content of the DST-30-01 polymer in bitumen. It is proposed to evaluate the possibility of performing research for the
development of new types of bitumen products, to develop various production technologies and to select the optimal
parameters for its production on the basis of standardized methods of testing bitumen

and the developed methodology for determining the strength characteristics of bitumen-mineral mixtures.

Key words: bitumen, bituminous mixture, breaking strength, tensile strength, adhesion, polymer-containing bitumen.
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MOHHUTOPHUHT IKOCHCTEMbI BOJM3HM TPaI000pa3yoluX npeanpusaTuii HegTenepepadoTku U HePTEXUMHHU
Memooom HelimpoHHO-AKMUBAYUOHHO20 AHAUZA NPOBEOEHO KOMNILEKCHOe UCCIe008AHUE NOBEPXHOCHO2O CLOS
noue, NUMbeBoU (6000NPOBOOHON) 800bL U KAK NOKA3AMEN MEXHO2EHHOU HAZPY3KU HA OP2AHU3M YENl08eKd — 80I0C
arcumeneii eopooa Canasam. Ilokazano, 4ymo 6 NOBEPXHOCHMHOM ClLO€ NOYBbL, NOBLIULEHHO COOEPAHCAHUE MAKUX
9NIEMEHMO8 KAK MbIUUbAK, KAlbYull, KOOAIbM, XPOM, HUKeLb, MOPUll, YPaH, YUHK, DOIbUAS YACHb U3 KOMOPbIX
UCTIOIL3YEeMCSl 8 OP2AHUYECKOM cuHmese. B 6000nposooHotl 600e vlute npedeibHo OONYCIMUMbIX 3HAUEHULL

O6Hapy3fC€H0 coéepafcaﬂue acenesa, mapeanya, HuKeJis. Ananuz eonoc scumenet ZOPOOCI 6bLA6UN cpynnbl pUCKa no



HEKOMOpuIM 3a001e6aAHUAM. NO CEPOeYHO-cOCYyOucmuim 3abonesanuam (74%); no 3abonesanuam sHceny0ouHo-
Kuweurnoeo mpaxkma (71%) u Op., umo ceudemenvbcmeyem o0 HeOAA2ONOIYUHOU IKOAOSUUECKOU CUMYayul.

KiroueBble ciioBa: MHKPO3JICMCHTHI, HeflTpOHHO—aKTHBaLIHOHHBIfI aHaJIn3, Io4Ba, BOAOIIPOBOAHAA BOAA.

L N. Mikholskaya', E. A. Danilova®, N. S. Osinskaya’, A. A. Borisova', V. V. Spaskova’, B. S. Zhirnov'.

!Ufa State Petroleum Technical University, Branch of the University in the City of Salavat,
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Ecosystem Monitoring near the City-Forming Enterprises

of Qil Refining and Petrochemicals

A comprehensive study of the surface layer of soils, drinking (tap) water, and the hair of the residents of the city of
Salavat as an indicator of the anthropogenic load on the human body was carried out by the method of neutron
activation analysis. It is shown that in the surface layer of the soil, the content of As, Ca, Co, Cr, Ni, Th, U, Zn is
increased, most of which are used in organic synthesis. In tap water above the maximum permissible concentrations,
the contents of Fe, Mn, Ni were found. The analysis of the hair of residents of the city revealed risk groups for some
diseases: for cardiovascular diseases (74%); for diseases of the gastrointestinal tract (71%,), etc., which indicates a
poor environmental situation.

Key words: trace elements, neutron activation analysis, soil, tap water.
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OuneHka 3K0JI0rH4ecKoii 3(pPpeKTHBHOCTH HedTenepepadaThIBAIOIIMX NPONU3BOACTB

IIpoananuzuposarnvl Kpumepuu oyeHKU IKON02ULEeCKOl dPPEKMUSHOCMU U MeEXAHU3MbL OMOOPA HKOI02UHECKUX
uHOUKamopog. 11peonodiceno ucnonbL306ams HOBbLL KpUMepull — UHMEHCUBHOCMb 8b1OPOCOE NAPHUKOBBIX 2A308,
KOmMopbulii onpedensien coomHouleHue odbema 8bl0Poco8 NApHUKOBLIX 2a308 U pe3yIbmama 0esimenbHoCmu
opeanusayuu. Pe3yismamel oyenku 9K0102uteckoll d¢ghexmusHocmu no36015310m oyeHums IK0102u4ecKue pucki,
6b1paOOMams NYmu CHUICEHUS AHMPONOLEHHOU HAZPY3KU HA OKPYICAIOWYI0 cpedy U pazpabomams nepcneKmueHble
NIAHBL PA3GUMUS RPOUIEOOCMEA C YUEMOM GO3MOICHBIX USMEHEHUI 6 COCMOAHUU OKPYIHCaroueli cpeosl 8 pecuoHe
Hegpmenepepabamuléaioueco NPouU3800Cmad.

Kwuesble cioBa: 3xonoruueckas 3 heKTHBHOCTD, HeTerepepadaTpIBatoIiee MPOU3BOICTBO,

9KOJIOTUYECKHE UHINKATOPHI, TAPHUKOBBIE BBIOPOCHI, 3arpsi3HEHNE OKPYIKAIOIIEeH CPeIbl.

E. A. Zakharova, N. A. Likhacheva.

Ufa State Petroleum Technical University, Branch of the University in the City of Salavat

Assessment of the Environmental Efficiency of Qil Refineries

The criteria for assessing environmental efficiency and mechanisms for selecting environmental indicators are
analyzed. It is proposed to use a new criterion - the intensity of greenhouse gas emissions, which determines the ratio
of the volume of greenhouse gas emissions and the result of the organization's activities. The results of the

environmental efficiency assessment allow us to assess environmental risks, work out ways to reduce the



anthropogenic load on the environment and develop long-term production development plans, taking into account
possible changes in the state of the environment in the region of oil refining production.
Key words: environmental efficiency, oil refining, environmental indicators, greenhouse emissions, environmental

pollution.
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HccnenoBanne 1eTOKCHIMPYIOLIEH CIOCOOHOCTH OKUCJIEHHBIX TYMHHOBBIX BellleCTB

B YCJIOBUSAX He(PTAHOTO 3arpsA3HEHHUsI OYB

B cmamwve npedocmasnensvl pezyarvmamul uccied08aHuili N0 OKUCIUMENbHOU MOOUDUKAYUY SYMUHOBBIX GeUeCmE
oypozo yens Tonveancko2o mecmopooicoenust. M3yuen oemoxcuyupyrowuii d¢pghexm nonyuennsix aeujecmea no
OMHOWEHUIO K HEPMAHBIM Y21e8000PO0AM C UCNONb308AHUEM Memooa buomecmuposanus. B xo0e oyenku
0OHapydHCceHo 3amemHnoe 603pacmanue OemoKCUyupyiowel cnoCOOHOCmuY 8 pe3yibmame XUMu4eckou Mooudurayuu
2yMunoswlx seujecmas. Haubonowiuii demoxcuyupyiowuti 2¢hpexm no OmHowenur0 K He@pmsaHoMmy 3a2psA3HEeHUI0 no4ebl
ObLT OMmMeueH 01 MOOUPUYUPOBAHHBIX OKUCTICHUEM 2YMUHOBbIX geujecme u cocmasun 19 u 42% npu o0ozax 0,01 u
0,1% mac. coomeemcmeenno. Jemoxcuyupyrowuii d¢pghexm HamusHvix 2yMUHOBLIX 8EUeCE SHAYUMENbHO Hudce: 9 u
2% npu 0o3ax 0,01% u 0,1% mac. coomeemcmeenno. Taxum oopazom, nokazaHa nepcneKmu8HOCHb UCHONb308AHUS
OKUCTEHHbIX 2YMUHOBLIX 8eUleCME 8 Kauecmeae CoOpOeHmo8-0emoKCUKaHmMo8 npu nposederul pumopemeouayuu
Heghme3zazpsi3HeHHOU NOY6bI.

KioueBble ciioBa: Oypblil yroyib, TyMHHOBBIC BEIIECTBA, IETOKCUIIHPYIomi 3¢ dekT, MeTo OnoTecTHpoBaHus,

HG(I)THHOG 3arpA3HCHUC II0YB, OKUCIICHUC, YPOBCHb ACTOKCUKAIIUN, XUMUYICCKAA MO,Z[I/I(l)I/IKaI_II/IH.

N. A. Likhacheva, E. A. Zaharova.
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Study of Detoxifying Ability of Oxidized Humic Substances

under the Conditions of Oil Pollution of Soils

The article presents the results of research on the oxidative modification of humic substances of brown coal of the
Tyulgan deposit. The detoxifying effect of the obtained substances in relation to petroleum hydrocarbons was studied
using the bioassay method. During the evaluation, a noticeable increase in the detoxifying ability was found in the
result of chemical modification of humic substances. The greatest detoxifying effect in relation to oil pollution of the
soil was observed for humic substances modified by oxidation and amounted to 19 and 42% at doses of 0.01 and 0.1%
by weight. accordingly. The detoxifying effect of native humic substances is significantly lower: 9 and 2 % at doses of
0.01% and 0.1% by weight. accordingly. Thus, the prospects of using oxidized humic substances as
sorbents-detoxicants during phytoremediation of oil-contaminated soil are shown.

Key words: brown coal, humic substances, detoxifying effect, bioassay method, oil pollution of soils, oxidation,

detoxification level, chemical modification.
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Bausausi ru6puaHOro MUKpOBOJTHOBOTO HATPEBA HA CTPYKTYPHO-MeXaHHYECKHE

cBoiicTBa Ts:KeN0i HedTH

B nacmosuyee spems cozoanue unno8ayuUOHHbIX MEXHOIOSUL NEPEKAUKY MOBAPHBIX MAJICENbIX Hedhmell
OPUEHMUPOBAHO HA UCNOIB308AHIUE MATOIHEPLEMUYECKUX 6030€liCMBULL HA MPAHCROpmupyemoe coipve. B pabome
npusedeHvl pe3yibmanmbvl UCCIeO08AHUT CMPYKIMYPOOOPA308aHUsL 8 MANCENOU Hepmu nocie 2ubpuoHo2o
MUKPOBOTHOBO20 B030€CMBUsl, KOMOPble OblIU BbINOIHEHbI HA OCHO8E AKMUBAYUOHHOU MeopUl medeHuUs.

U Mamepuanax peoiocuteckux Ucciedo8anuil 0opasyos msxicénou negmu.

KunioueBble cjioBa: HEPTSHBIC TUCTICPCHBIC CUCTEMBI, () (DEKTUBHAS BI3KOCTH, MUKPOBOJHOBAs 00paboTKa,

yrnepoz[Hblﬁ HAIIOJIHUTCIIb, q)a30131,1f/’1 nepexon, TCpMOoANHAMUYCCKUEC TapaMETPhl aKTUBALIUU BA3KOI'O TCUCHUS.
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Influence of Hybrid Microwave Heating on the Structural And Mechanical Properties of Heavy Oil

Currently the creation of innovative technologies for commercial heavy oils pumping is focused on the use of low-
energy impacts on the pumped raw materials. The paper presents the results of studies of structure formation in heavy
oil after hybrid microwave exposure, which were carried out on the basis of the activation theory of flow by Ya.l
Frenkel and G. Eyring and of the materials of heavy oil samples rheological studies.

Keywords: oil viscosity, oil disperse systems, microwave treatment, carbon filler, phase transitions, viscous flow

activation parameters.
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A Model to Calculate Fracture Conductivity Considering Proppant Transport

and Embedment Depth

The accuracy of predicting fracture conductivity is very important in hydraulic fracturing. However, most models pay
more attention to the solution of fracture conductivity value, without considering the distribution of the fracture
conductivity. It is also important to couple the proppant embedment depth and fracture conductivity, especially for the
coal bed and shale formations with strong plasticity. In this paper, analytical models were derived to compute
fracture conductivity considering the proppant transport and embedment. The proppant transport model is coupled
with the fracture propagation model, which describes the distribution of fracture conductivity. The calculation of
proppant embedment depth considering the rock plasticity is derived from the underground stress equilibrium, which
provides a calculation basis of the propped fracture width. The proppant-pack permeability is calculated based on the
Carman-Kozeny formula. Finally, fracture conductivity is defined as the product of fracture width and permeability.



Based on the comparison with the previously established models, the proposed model is employed for sensitivity
studies of parameters influencing the fracture conductivity. The effects of closure pressure, proppant size, rock
plasticity, fluid viscosity, proppant concentration, and proppant carrying liquid volume on fracture conductivity are
analyzed. Analysis results contribute to a better understanding of the effects of related factors on fracture
conductivity. The new and more accurate model for calculating the fracture conductivity considering proppant
transport and embedment is of great significance for fracturing design and helps to achieve high fracture conductivity
and high oil and gas production in conventional and unconventional reservoirs.

Keywords: hydraulic fracturing, fracture conductivity, proppant transport, proppant embedment, Carman-Kozeny

formula.
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Study on Rock Mechanics Parameters and In-Situ Stress Profile Construction

and Correction Method Based on Well Log Interpretation

Hydraulic fracturing of tight sandstone reservoirs is an important method of developing this type of unconventional
oil and gas resources. The evaluation of in-situ stress distribution and rock mechanical parameters of fractured wells
is the prerequisite for fracturing design. Therefore, the development of a calculation method to evaluate the stress
distribution and mechanical parameters of rocks, based on a single well in-situ stress data, is the key to establish the
optimal fracturing design. In this paper, based on the correlation between the laboratory experimental data and the
logging response, we have plotted the initial stress profile and then applied the proposed method of combining density
curve and natural gamma curve to correct the calculation results. In the case of a limited number of wells, the
obtained profile correction model demonstrated satisfactory matching with laboratory experimental data.

Keywords: tight sandstone, logging data, rock mechanical parameters, in-situ stress.
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Theoretical Research on Output Response Characteristics

of Vertical Longitudinal Multipole Conductance Sensor by Discrete Phase Distribution

In oilfield development, vertical longitudinal multipole conductance sensors (VLMCS) have been widely used to
measure the water holdup in the oil-water two-phase flow. When water is a continuous phase and oil is a discrete
phase, the oil phase distribution has a great influence on the VLMCS output. In this paper, a 3D theoretical model of

the VLMCS is established, and the output response characteristics are studied, considering an oil bubble behavior in



the 3D model. The task is performed by establishing a spherical coordinate system and a cylindrical coordinate
system with varying mesh sizes and axial and radial positions. At the same time, finite element analysis is used to
study the VLMCS output response characteristics of multiple oil bubbles. The results reveal the effect of oil bubble
size and position on the VLMCS output response characteristics, which is of great significance for the measurement of
the oil-water two-phase flow parameters and optimization of the VLMCS design. The established model provides a
theoretical basis for the engineering applications of the VLMCS.

Keywords: vertical longitudinal multipole conductance sensor; theoretical research; oil bubble; sensitive field; output
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Study on Reservoir Internal Stress Variation and Mud Shale Horizontal Section Slippage Induced by
Interregional Pore Pressure Based on Stick-Slip Theory

Casing damage caused by shear stress has been detected in several areas of the Daqing oilfield. Such damage can be
caused by marker bed slip in mud shale sections. However, the mechanism of slippage stress in mud shale horizontal
sections is currently not well understood. Based on the effect of differences in interregional pore pressure, we have
established a mechanical model of a cracked horizontal plane and obtained analytical solutions for the formation
stress and displacement. In order to quantitatively characterize the relative slip distance in a horizontal section, the
Sfault stick-slip and sliding weakening theories have been used. In this paper, based on a stick-slip theory, we propose
a model to calculate the slip of a mud shale horizontal section under differing interregional pore pressures. The
results show, that under the influence of differing formation pore pressure between the regions, the upper layer of the
horizontal section intermittently slips towards the high-pressure center. When the pore water enters the formation, the
friction between the sections decreases, causing a decrease in the weakened slip phenomenon. Consequently, the
slippage of the formation section will increase under the conditions. The results of the study can provide useful
background for preventing casing failures in mud shale marker beds.

Keywords: mud shale; marker bed; regional pore pressure; stick-slip theory; horizontal section slip.
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Investigation of Fracture Development and Oilfield Protection in the Extraction of Carbon Materials

China is rich in primary energy resources. Due to specific terrain conditions, different types of problems may occur in
the process of development. When the coal seams are located under the oil layers, due to the physical characteristics

of oil, the exploitation of coal seams will cause losses to the oil layers, and the volatile oil may also cause threats to



coal mining. To analyze the fracture development and leakage characteristics of overburden strata for this type of
geological conditions, we have carried out physical simulation experiments and performed a further numerical
simulation to study and verify the evolution of fractures. Based on numerical simulation results, methods have been
proposed that may effectively reduce the air leakage in the working face and control the parameters, including viscous
resistance, distance, and the construction period of the blocking. In this paper, based on the 30100 face in the
Nanliang coal mine as an example, we have proved that the proposed measures can provide good theoretical
guidance for the prevention of spontaneous combustion of residual coal and control of water in coal mine production.
The developed method offers good economic benefits for safe production in coal mines.

Keywords: shallow coal seam; full-thickness cut; fracture development; leakage law; physical simulation.
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Sample Fidelity of Formation Sampling While Drilling

Formation sampling while drilling (FSWD) technology has become a research hotspot in oilfield development at
home and abroad. The technology is characterized by a comparatively short operation time. Since the operation time
is short, the obtained formation data are closer to the real situation in the reservoir. After the formation fluid enters
the sample chamber from the sampling module, sealed, and returns from the downhole to the surface, the change in
ambient temperature and pressure causes the sample volume to shrink and the sample pressure to decrease
correspondingly. The change in temperature and pressure leads to irreversible phenomena such as phase
transformation or degassing, which can affect the quality analysis of the sample. To avoid the phenomenon, the
pressure in the sample chamber is maintained above the bubble point pressure by pre-charging nitrogen on the
ground and boosting adjustment in the downhole, so that the formation sample fluid is consistent with the phase state
in the original formation when it is retrieved from the ground. The described method is used to provide results close to
the real parameters in the reservoir. As the pre-charged nitrogen and the final sample occupy different cavities of the
same vessel, and the volume of the vessel is constant, the change in the parameters, including the sampling volume,
temperature difference, and pressure difference between the ground and the well bottom, will cause a change in the
pressure of the pre-charged nitrogen. Therefore, the problem of ensuring sample fidelity has become the key to
sampling technology. To solve the problem, the method of combining ground pre-charged nitrogen pressure with
downhole sample chamber pressurization has been introduced.

Keywords: sample fidelity; phase change; bubble point pressure; nitrogen pre-charge; downhole pressurization.
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Influence of the Blowout Preventer Shut-Off Process on Wellbore Pressure

The prevailing research analyzing the transient pressure in the blowout preventer shut-off process using water
hammer theory is not in accordance with the real-world situation due to the long blowout preventer shut-off periods.
In this paper, to solve the well-control problem in the case of gas invasion, using downhole telemetry information, we
propose a new mathematical model for analyzing the generating mechanism of transient pressure in the blowout
preventer shut-off process and its effect on wellbore pressure. The mathematical model of transient pressure
generated in the blowout preventer shut-off process is established using a fluid inertial pressure analysis of unsteady
flow. The model clearly shows the influence of ram moving velocity, fluid velocity, fluid density, and blowout
preventer structural parameters on the transient pressure. The propagation characteristics of the transient pressure
along the wellbore are analyzed using Lamb’s law. The results show that the transient pressure amplitude generated
in the blowout preventer shut-off process is small and rapidly decays when it propagates along the wellbore, so its
influence on the wellbore pressure is negligible. The wellhead backpressure plays a major role in affecting the
wellbore pressure. This study theoretically solves the dispute between choosing “hard shut-in” or “soft shut-in"’ of the
blowout preventer, thus providing an alternative to relying on engineering experience, offering guidances for the
accurate analysis of the influence of the blowout preventer shut-off process on wellbore pressure, and giving new
operation advice for blowout preventer operation when gas invasion occurs.

Keywords: blowout preventer; transient pressure; wellbore pressure; wellhead backpressure; closing degree.
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Prediction of gas/water relative permeability using the GWO-LSSVM model under HTHP condition

The most common methods of predicting a gas/water two-phase relative permeability include experimental
measurement, theoretical simulation, and numerical calculation. The experimental method is relatively accurate but
time-consuming and laborious. The method of theoretical modeling involves a complicated solving process, and the
range of application of the numerical calculation method is comparatively narrow. In this work, based on the least
square support vector machine (LSSVM) combined with the gray optimization algorithm (GWQ), the prediction model
(GWO-LSSVM) of the gas/water phase permeability is established. The model was validated by the gas-water two-
phase relative permeability data obtained by a non-steady-state method from a gas reservoir under high pressure/high
temperature (133~152.5°C, 50.3~55 MPa) conditions. The irreducible water saturation (S.), absolute permeability
(K), porosity (p), and gas saturation (Sg) have been set as the input parameters. The water phase relative permeability
(Kv) and the gas phase relative permeability (K,,) have been set as output variables. The training data of water phase
and gas phase relative permeability were 147 and 141, respectively. The prediction data were 32 and 58, respectively.
The results show that the absolute relative deviation (AARD) of K. for the presented GWO-LSSVM model is 3.69%,



while that of K, is 2.92%, showing that the model can accurately predict the gas-water relative permeability at high
temperature and high pressure. The method provides a new and effective instrument for estimating the gas-water two-
phase relative permeability parameters in the development of gas reservoirs.

Keywords: gas-water relative permeability parameter; least square support vector machine; grey wolf optimizer; gas
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Numerical Simulation and Sensitivity Evaluation of Fracture Flooding in a Class III Reservoir

In this paper, based on studies of the fracture-flooding technology in a third-class reservoir, a mathematical model is
established, conforming to the law of fracture initiation and propagation and the seepage mechanism of the
surfactant-containing fracturing fluid. Third-class reservoir mathematical models are used to study the influence of
fracture-flooding injection volume, displacement, reservoir permeability, effective thickness, remaining oil saturation,
and other factors on the enhanced oil recovery effect in the fracture-flooding technology. The Sobol method is used to
analyze the influence of various factors on the overall sensitivity of the enhanced oil recovery effect. The study shows
that the cumulative oil increase is the major response variable for third-class reservoir fracture-flooding, the
remaining oil saturation is the most sensitive factor, and the injection volume and effective thickness parameters are
also sensitive. Thus, the oil-increasing effect of third-class reservoir fracture-flooding is mainly based on the
remaining oil potential of the reservoir, expressed by the remaining oil saturation and effective thickness parameters,
and the fracture range, defined by the fracturing fluid injection volume.

Keywords: fracture-flooding; numerical simulation; impact assessment; sensitivity analysis; the Sobol method.

Nan Jiang ', Guohui Qu**", Rongzhou Zhang®>, Mingda Li', Jiqgiang Zhi*’

! School of Electrical Engineering & Information, Northeast Petroleum University, Heilongjiang Daqing, 163318,
China

2 School of Petroleum Engineering, Northeast Petroleum University, Heilongjiang Daqing 163318, China

3 Key Laboratory of Enhanced Oil Recovery, Northeast Petroleum University, Daqing 163318, China
Corresponding author: Guohui Que — E-mail: quguohuil001@126.com

Research on Covariance Localization of Enkf Reservoir-Assisted History

Fitting Method Based on Fast Marching Method

The Ensemble Kalman filter (EnKF) is a widely used intelligent algorithm in the field of automatic history fitting. The
method has a number of drawbacks, such as inaccurate gradient calculation, filter divergence, and pseudo-
correlation of parameters, leading to parameter correction errors and model inversion distortion in the process of
historical fitting. A history fitting method based on the fast marching method and covariance-localized Ensemble
Kalman filter (FMM-CLERKF) is established to reduce pseudo-correlation in the calculation process of the

traditional distance truncation method. According to the static parameter field information of the reservoir geological



model combined with the state equation, the fast marching method (FMM) is used to quickly track the propagation
time of the pressure wave in every well, determine the sensitive area of a single well, and construct the localization
matrix. Combined with the covariance localization Ensemble Kalman filter method, the gradient correction of the
data assimilation method is realized, and the pseudo-correlation of parameters is reduced. Finally, the optimal model
is improved by gradually fitting and updating the reservoir parameter model. The calculation results of a field
example show that the FMM-CLEnKF method has a higher reservoir parameter inversion accuracy, data fitting
speed, and production data fitting accuracy than the ensemble Kalman filter method.

Keyword: fast marching method; covariance localization; EnKF; sensitive area.
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